Abstract: A pulsed discharge light source to study the six and seven times ionized xenon spectra in the 419-4642 Å region was used. A set of 40 transitions of Xe VII and 25 transitions of Xe VIII were classified for the first time. We revised the values for the previously known energy levels and extended the analysis for Xe VII to 10 new energy levels belonging to 5s6d, 5s7s and 5s7p, 4d 9 5s 2 5p even and odd configurations, respectively. 7 new energy levels of the core excited configuration 4d 9 5s5d of Xe VIII are presented. For the prediction of the atomic parameters, energy levels and transition, relativistic Hartree-Fock calculations were used.
Introduction
The spectral analysis of several ions of xenon has implications for astronomy and laser studies. Various atomic parameters such as energy levels, oscillator strengths, transition probabilities and radiative lifetimes have many important astrophysical applications. Transition probabilities are needed for calculating the energy transport through the star in model atmospheres [1] and for direct analysis of stellar chemical compositions [2] . Xenon is a very rare element in the cosmos, observed in chemically peculiar stars [3] and in planetary nebulae [4] . Xe VI and Xe VII lines were observed in the ultraviolet spectrum of the hot DO-type white dwarf RE 0503-289 [5] [6] , in the first detection of xenon in this kind of star.
Xe VII belongs to the Cd isoelectronic sequence and has the ground configuration 5s 2 . In the studies related with the stimulated emission of xenon, the understanding of the population mechanisms that affect the Xe VII laser action requires knowledge of the spectral analysis corresponding to this ion. Results for ions in the Cdlike isoelectronic sequence were published [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] and previous works about cadmiumlike xenon were carried out by different groups of researchers [18] [19] [20] [21] [22] [23] , who used various experimental methods such as beam-foil spectroscopy, spark-light sources, laserproduced plasma, theta-pinches, etc. Larsson et al. [24] obtained energy levels of the 5s6s, 5s5d and 5p 2 , and 5s4f configurations by collision-based spectroscopy. Using the F o r R e v i e w O n l y same kind of excitation, Wang et al. [25] extended Larsson's work to include the 5s(6p + 7p) and 5s(6d + 7s) configurations. The study of the 5p5d configuration by Cavalcanti et al using a theta-pinch as light source [26] , by Gallardo et al, reporting fourteen new energy levels and one hundred and ten new lines using a pulsed discharge [27] , was made. After that, Churilov and Joshi [28] used two different light sources to study this ion and reported thirty nine new energy level values.
Seven times ionized xenon, Xe VIII, belongs to the Ag I isoelectronic sequence and its ground state is 5s 2 S 1/2 . The spectrum of this ion has been investigated by many groups using different spectral sources, e.g., by beam foil spectroscopy [29] , by use of an inductance-triggered spark as light source [30] [31] [32] by CBS [33, 34] and by a discharge tube [35, 36] . Thereby, the configurations 5s-9s, 5p-9p, 5d-9d, 4f-9f, 5g-9g, 6h-9h, 7i-10i, 8k-10k, 9l have been established. Also some levels of core excited 4d 9 5s5p, 4d 9 5s6p and 4d 9 5s5f configurations have been determined. In addition to these analyses some authors [29, 30, 34] have also established quantum defects of Rydberg levels important to predict energies of unknown levels and to derive ionization energies and core polarizabilities. In the work of M. Gallardo et al [37] , using a capillary light source, twenty-eight energy levels belonging to the series Rydberg configurations were adjusted and 38 new spectral lines were classified.
The experimental results on energy levels and transitions of Xe VII and Xe VIII spectrum were critically compiled by Saloman [38] . Lifetimes and transition probabilities on these ions were reported by Biemont et al [39] .
In order to continue the study of the six and seven times ionized xenon spectrum, a new spectral analysis of these ions is presented in this work. This study is a continuation of our research on different xenon ion spectra using gases pulsed electrical discharges [40] [41] [42] [43] (and references therein). We used experimental data of the xenon spectrum covering the wavelength range 230-7000 Å for the UV-Visible region. A set of 40 transitions of Xe VII and 25 transitions of Xe VIII were classified for the first time. We revised the values for the previously known energy levels and extended the analysis for Xe VII to 10 new energy levels belonging to 5s6d, 5s7s and 5s7p 4d 9 5s 2 5p even and odd configurations, respectively. 7 new energy levels of the 4d 9 5s5d core excited configuration of Xe VIII are presented. Theoretical predictions of the configuration structure were obtained from the computer code developed by Cowan [44] , which provides atomic parameters by means of Hartree-Fock relativistic (HFR) approximation. The energy matrix was calculated using energy parameters adjusted to fit the experimental energy levels.
Experiment
The light source used in this work was a capillary discharge experimental set built at CIOp [40] , consisting of a Pyrex tube of 100 cm long and inner diameter of 0.5 cm, in which the gas excitation was produced by discharging a bank of low-inductance capacitors ranging from 20 to 280 nF, charged with voltages up to 20 kV. In the wavelength range below 2000 Å, light radiation emitted axially was analyzed using a 3 m normal incidence vacuum spectrograph with a concave diffraction grating of 1200 lines mm −1 . The plate factor in the first order was 2.77Å mm . The plate factor was 5.0 Å mm −1 in the first order. The spectra were recorded in the first, second, and third diffraction orders. Th 232 lines from an electrodeless discharge were superimposed on the spectrograms and served as reference [45] . The positions of the observed Xe VII and Xe VIII spectral lines were determined by means of a rotating prism photoelectric semiautomatic Grant comparator. For sharp lines, the settings were reproducible within ±1µm. The uncertainty in the determination of the wavelength of unperturbed lines was estimated to be ± 0.02 Å for the VUV region and ± 0.01 Å for the visible region. The intensity figures are visual estimates of photographic density, and are on a uniform scale only within limited wavelength ranges. To distinguish among different states of ionization, we studied the behavior of the spectral line intensity as a function of pressure. , 4d 9 5s5d, 4d 9 5p 2 and 5p-10p, 4f-10f, 6h-10h, 8k-10k, 4d 9 5s5p, 4d 9 4f5s, 4d 9 5p5d for Xe VIII even and odd parities. Table 1 shows the new and adjusted energy level values for these ions. These values were determined in an iterative procedure where the wavenumbers of the observed lines were weighted according to their estimated uncertainties. All level designations in the table are in LS notation. We also present the percentage composition of the levels. The uncertainties of the adjusted experimental energy level values were generally less than 2 cm -1 . Table 2 shows the new classified lines for Xe VII and Xe VIII. The values of σ obs and σ cal in this table are the observed and calculated Ritz wavenumbers respectively. The difference between these values is in accordance with the uncertainty in the determination of the wavelength. In our analysis we also calculated the oscillator strengths gf and transition probabilities gA (the latter shown in Table 2 ), in order to compare with the experimental intensity of the new observed lines.
We adjusted the energy level values reported by Wang et al. [25] (compiled by Saloman [38] The calculated energy level values were obtained by the least squares fit [44] . In this process, the Slater parameters were fitted to the experimental energy level, which should improve the wave function composition as well as the energy separations between the levels. Our calculations included all the energy levels experimentally known. The least squares calculation results are shown in Tables 3, 4 , 5 and 6 for the Xe VII and Xe VIII. In Tables 3 and 4 we show the radial parameters for the even and oddparity configurations of Xe VII. Similar calculations were given by Churilov et al. [28] . In Table 3 the adjusted parameters that where let free are in good agreement with the scaled Hartree-Fock (HF) values. In Table 4 the G 3 (4d, 5p) integral for the 4d 9 5s 2 5p configuration was fixed at 100% of its HF value because there are values of energy levels that are unknown. We also observed strong configuration interaction between 5s5p-5p5d and 5s5f-5p5d configurations that were fixed at 75% and 100% of their HF values respectively. In Table 5 we show the even parameters for Xe VIII ion, where six of the nine parameters of the 4d 9 5s5d configuration were let free in the calculation, because there are only 7 new experimental energy levels of the 34 levels belonging to this configuration. The other 3 energy parameters G 0 (4d,5d), G 2 (4d,5d), G 4 (4d,5d) ) were fixed and scaled to 85% of its HF values in order to reduce the standard deviation. All the configuration-interaction integrals were also scaled at 85% of their Hartee-Fock (HF) values. Table 6 shows the radial parameter values corresponding to the odd parity configurations. In this table the ζ 4d and G 3 (4d,5p) parameters corresponding to the 4d 9 5s5p configuration were fixed because there are values of energy levels that are unknown.
In the energy adjustment of the Xe VII the standard deviation was 175 cm -1 and 281 cm -1 for the even and odd parity. For even parity 29 free levels and 20 adjusted parameters were used. In a similar way 47 free levels and 27 adjusted parameters were used for odd parity. The standard deviation was 220 cm -1 and 248 cm -1 for the even and odd parity in Xe VIII. In this case 35 free levels and 28 adjusted parameters for even parity and 40 free levels and 28 adjusted parameters for odd parity were used.
Conclusions
In this work we studied the Xe VII and Xe VIII spectra covering the wavelength range 230-7000 Å for the UV-Visible region using a pulsed electrical discharges. A set of 40 transitions of Xe VII and 25 transitions of Xe VIII were classified. We revised the values for the previously known energy levels and extended the analysis for Xe VII to 10 new energy levels and 4 adjusted values belonging to 5s6d, 5s7s, 5s7p, 4d 9 5s 2 5p configurations. 7 new energy levels of 4d 9 5s5d configuration of Xe VIII were presented. Relativistic Hartree-Fock calculations were used. Least-squares-fitted parametric calculations have been carried out to interpret the observed spectrum. 
